Inaccurate estimations of energy intake (EI) and energy expenditure (EE) may ultimately affect body weight. The purpose of this study was to evaluate accuracy of estimated EI and EE among males in reference to exercise and rest using a counterbalanced, crossover, repeated-measures design. Participants (N = 80) were recruited from a large, urban university in South Florida. Exercise consisted of walking on a treadmill for 60 min at 65% age-predicted maximum heart rate. Food intake was evaluated immediately following exercise and rest. Participants underestimated EI (kcal) on both the exercise (M = 435, SEM = 69) and rest days (M = 439, SEM = 54), overestimated EE (kcal) for exercise (M = 129, SEM = 44), and underestimated EE for rest (M = 54, SEM = 10). Greater accuracy in estimating EE for exercise was significantly (p < .05) associated with higher dietary restraint. The findings suggest that among sedentary males, there is an inability to accurately estimate calories, which has the potential to influence behaviors that affect weight management.
The prevalence of overweight and obesity, which is associated with an increased risk for several chronic diseases (Mokdad, Marks, Stroup, & Gerberding, 2004) , continues to rise among American adults. According to the most recent data from the National Health and Examination Survey (NHANES), the prevalence of overweight and obesity among men and women, 20 to 60 years old, is approximately 71% and 62%, respectively. In addition, the prevalence of obesity increased significantly among men (27.5% to 31.1%) from 1999 to 2004 (Ogden et al., 2006) . This is of concern as both overweight and obesity are strongly related to an increased risk for several chronic conditions including cardiovascular disease, diabetes, high blood pressure, stroke, arthritis, some cancers, gallbladder disease, and poor health status (Mokdad et al., 2004) .
In an effort to tackle Americans' growing obesity problem, in 2004 the Food and Drug Administration unveiled the Calories Count strategy (U.S. Food and Drug Administration [FDA], 2004) , which focused on educating the consumer on the concept of energy balance (calories in vs. calories out) for weight control. Regular exercise and consuming fewer calories are two of the most commonly reported strategies for weight loss (Weiss, Galuska, Khan, & Serdula, 2006 ) and appear to be necessary for successful weight loss maintenance (Phelan, Wyatt, Hill, & Wing, 2006) . However, these stratgies may not work for some individuals because of their inability to accurately estimate the amount of calories consumed from meals or expended during exercise.
Previous studies have indicated that individuals underreport actual food intake (Lichtman et al., 1992; Subar et al., 2003) . When energy intake (EI) is estimated based on participants' self-reported food intake (i.e., food recalls or food diaries), it has been demonstrated that there is a widespread underestimation of calories (Livingstone & Black, 2003) . However, there is limited information in the literature regarding people's ability to estimate calories in the foods they eat. Whereas one study concluded that calorie underestimation is related to meal size as opposed to body size (Wansink & Chandon, 2006) , the results of other studies (Carels, Harper, & Konrad, 2006; Carels, Konrad, & Harper, 2007) have indicated that there is an overestimation of calories in foods that are perceived as "unhealthy," and an underestimation of calories in foods that are perceived as "healthy."
There have been very few reported studies that address accuracy in estimating energy expenditure (EE), although two studies have reported that people overreport participation in physical activity (Fogelholm et al., 2006; Lichtman et al., 1992) . The results of a recent study (George, Harris, & Escobar, in press) illustrate that accuracy in estimated EE is very limited. In that study, only 30% of male and female respondents surveyed (N = 798) were able to accurately estimate EE within 50% of actual calories for various physical activities.
Inaccuracies in estimating EI and EE may be related to cognitive factors such as dietary restraint (Asbeck et al., 2002; Jansen, 1996) , which has been defined as the conscious control over food intake to lose or maintain body weight (Stunkard & Messick, 1985) . The results of several studies indicate that the underreporting of food intake is greater among individuals with high restraint than low restraint (Asbeck et al., 2002; Rennie, Siervo, & Jebb, 2006; Tooze et al., 2004) , whereas the results of another study indicated that dietary restraint does not influence accuracy in dietary reporting (Ard, Desmond, Allison, & Conway, 2006) . Although some studies (Wansink & Chandon, 2006; Carels, Harper, & Konrad, 2006; Carels, Konrad, & Harper, 2007) have examined the influence of meal size, body mass index (BMI), dieting status, and/or gender on calorie estimation of foods, few studies have examined the influence of level of dietary restraint on estimating calorie intake. One of the few studies to examine this relationship (Jansen, 1996) indicated that females with high restraint significantly underestimated their calorie intake whereas those with low restraint only marginally underestimated energy intake.
One of the challenges of investigating dietary restraint is having a measurement tool that focuses precisely on the concept of restraint. An individual's level of restraint is often categorized as high or low and is typically measured with one of three scales: the Revised Restraint Scale (RS; (Herman & Mack, 1975; Herman & Polivy, 1975) ; the Dutch Eating Behavior Questionnaire (DEBQ; van Strien, Frijters, Bergers, & Defares, 1986) ; and the Three-Factor Eating Questionnaire (TFEQ; Stunkard & Messick, 1985) .
The RS, initially developed by Herman and Mack (1975) and later revised (Herman & Polivy, 1975) , is a 10-item questionnaire that was designed to identify individuals who are chronically concerned about their weight and attempt to manage it by dieting or reducing food intake. However, the scale reflects patterns of eating behaviors that are characteristic of unsuccessful dieters, in that they attempt to restrain eating, though periodically lose control over eating. As such, although the RS has been shown to be a valid and reliable measure of restraint (Gorman & Allison, 1995) , it is also positively correlated with measures of overeating and binge eating (Williamson et al., 2007) .
The DEBQ is a 33-item questionnaire designed to assess restrained eating, emotional eating, and external eating (van Strien et al., 1986) . The restrained eating portion of the scale (DEBQ-R) contains items concerning deliberate, planned weight control, or the intent to diet. The DEBQ-R has been shown to be a valid and reliable tool for measuring dietary restraint that is independent of hunger and weight fluctuations. Similarly, the TFEQ (Stunkard & Messick, 1985) , also referred to as the Eating Inventory, is a valid and reliable, 51-item scale that measures three dimensions of human eating behavior: (a) the cognitive restraint of eating (TFEQ-R); (b) disinhibition, or the loss of control of eating in response to a stimuli; and (c) susceptibility to hunger. It has been determined that individuals scoring high on the TFEQ-R and DEBQ-R represent more successful dieters than those with high scores on the RS, as the former two scales exhibit fewer relationships to counter-regulatory eating behaviors, such as the loss of control of eating (Gorman & Allison, 1995; Mela & Rogers, 1998) as well as measures of binge eating (Williamson et al., 2007) . However, although both the DEBQ-R and TFEQ-R measure the intent to diet, only the TFEQ-R has been shown to be a valid indicator of actual calorie restriction (Williamson et al., 2007) .
Although males have been included in the literature regarding the accuracy of dietary reporting and restraint (Ard et al., 2006; Asbeck et al., 2002; Rennie et al., 2006; Tooze et al., 2004) , there is limited research in reference to these variables and accuracy of estimating postexercise energy intake (PE-EI). To the authors' knowledge, there is only one published study (Visona & George, 2002) that evaluated the influence of dietary restraint on accuracy in estimating EE for moderate-intensity exercise and for estimating PE-EI. However, the participants in that study were female. Research in the accuracy of calorie estimation for exercise and postexercise food intake is important to aid in understanding the impact of participation in moderate-intensity exercise and its influence on energy balance among males.
Recent NHANES data (Ogden et al., 2006) indicate that 71% of adult males and 62% of adult females are overweight or obese. Parallel to the increasing prevalence of overweight and obesity, in 2007, only 49% of U.S. adults reported that they engaged in ≥30 min of moderate physical activity 5 or more days per week, or vigorous physical activity for ≥20 min 3 or more days per week (Centers for Disease Control, 2007) . Given these reports, it is of interest to study individuals who are physically inactive as they may benefit from improved accuracy in estimating EE and EI as it relates to the concept of energy balance in order to facilitate successful weight management, as suggested by the FDA (2004).
Therefore, the purpose of this study was to investigate the accuracy with which physically inactive males estimate the amount of calories: (a) expended during exercise or resting conditions and (b) consumed at a meal immediately following each condition. Based on previous research, it was hypothesized that overall, participants would underestimate EI and overestimate EE for exercise. It was also hypothesized that higher dietary restraint would be associated with greater underestimation of EI and that dietary restraint would influence estimation of EE, although the directional nature of this relationship could not be determined from the literature.
Methods Participants
Participants were recruited for an "exercise and eating study" over a 2-year period (from April 2005 to April 2007) from the student, faculty, and staff population at a large, urban university. Incentives included 2 days of free lunch and a small monetary compensation ($10). Participants were eligible to participate if they were male; age 21 to 45 years; normal-weight (BMI 20-24.9 kg/m 2 ) or overweight (BMI 25-29.9 kg/m 2 ); nonsmoker; healthy (no known chronic disease); not taking medications that could alter food intake; ambulatory; regular breakfast by 9:00 a.m., 5 days per week; and physically inactive, defined as having exercised ≤2 times per week (≤30 min per session) in the past 6 months. Nutrition/dietetics or exercise science majors were excluded from the study. A total of 82% of the individuals who responded to the recruitment ads met the eligibility criteria and were invited to participate in the study. All enrolled participants completed the study. The study was approved by the Institutional Review Board at Florida International University.
Experimental design. This experimental study consisted of two conditions, exercise and rest, with each volunteer participating in each condition in a counterbalanced-crossover design, on 2 days, 1 week apart. The randomization was computer generated with 42 receiving exercise then rest, and 38 receiving rest then exercise. Participants were aware of the condition that would follow after the first day of the experiment.
Assessment measures. At the first session, each participant completed the informed consent and the TFEQ, which is a 51-item questionnaire used to measure three dimensions of eating behavior: (a) cognitive restraint, (b) disinhibition, and (c) susceptibility to hunger (Stunkard & Messick, 1985) . This questionnaire has been established for validity and reliability (Gorman & Allison, 1995) . Possible scores on the restraint scale range from 0 to 21, where ≥7 is considered "high" restraint for males (Tepper, Trail, & Shaffer, 1996) .
The principal investigator measured participants' weight to the nearest 0.1 kg (dressed in light cloth ing without shoes) using a calibrated balance-beam scale with height rod (Detecto 2381, Cardinal Scale Mfg. Co., Webb City, MO); height was measured to the nearest 0.1 cm. The average of duplicate measures was used to compute BMI.
Procedures
Participants ate their typical breakfast meal at the same time on each experimental day and then arrived (individually) at the lab between 10:00 a.m. and 10:15 a.m. On the exercise day, participants walked on a treadmill (Life Fitness model 90T, Schiller Park, IL) at 65% age-predicted maximum heart rate (220 minus age) for 60 min. Exercise began at 10:30 a.m. and was supervised by the study investigator. Heart rate was monitored (Polar Pacer; Polar Electro Inc., Port Washington, NY) to ensure that the target heart rate was maintained after a brief (3-min) warm-up. On the rest day, participants followed the same procedures as on the exercise day, except that they were asked to sit quietly for 60 min rather than exercise, during which time they could read or study.
Assessment of estimated and actual energy expenditure. Immediately following each condition, participants were asked and responded verbally, "How many calories do you think you just expended while walking on the treadmill/sitting at rest?" Actual EE for exercise was calculated as: 3.5 metabolic equivalents × weight (kg). Actual EE for rest was calculated as 1.5 metabolic equivalents × weight in kilograms (Ainsworth et al., 2000) . These equations have been used in a previously published study to calculate individual EE (Visona & George, 2002) and in other studies to estimate EE for physical activity (Bouchard et al., 1983; Salonen & Lakka, 1987) .
Assessment of estimated and actual energy intake. Participants were then accompanied by the investigator (a 3-to 5-min walk) to the university cafeteria, where various kiosks offered standard menus that included a wide variety of hot and cold foods and beverages. Participants selected their lunch meal (ad libitum) and started to eat approximately 15 min after the completion of each experimental session. It has been demonstrated that meals eaten in the presence of other individuals are larger compared with meals eaten alone, regardless of the relationship of the eating companion to the participant (De Castro, 1994) . Therefore, participants were asked to eat alone. The cafeteria area is large, approximately 4,000 square feet, and divided into different sections. Although the investigator was present, the participants did not have any contact (visual or physical) with the investigator until they completed their meal. Participants were told where to find the investigator and were instructed to return their meal tray to the investigator when they finished eating. This method of evaluating PE-EI has been used in a previously published study (Visona & George, 2002) . Participants were then asked and responded verbally, "How many calories do you think you just consumed at the lunch meal?" This method of obtaining participants' estimate of EI has also been used in a previous study (Visona & George, 2002) .
After the participants exited the cafeteria, identical menu items were purchased and information concerning portion sizes was obtained from cafeteria personnel. The investigator then took any of the participant's unconsumed meal items to the laboratory for the assessment of plate waste to ultimately determine actual EI. Weights of meal items were recorded on a digital scale to the nearest 0.1 g (TR-4101; Denver Instrument Co., Denver, CO). Nutritional analyses were performed using Food Processor SQL Edition software (version 9.6.1, 2004, ESHA Research, Salem, OR).
Statistical Analyses
All statistical analyses were performed using the Statistical Package for the Social Sciences (version 14.0, 2005, SPSS Inc., Chicago, IL). Descriptive statistics were generated to describe the mean age, weight, BMI, and restraint scores of the participants. Paired samples t tests were used to evaluate overall differences between estimated and actual calories. Spearman's correlations were used to evaluate the associations between percentage error in estimating calories and restraint. Pearson's chi-square was used to evaluate differences in inaccuracy ranges (i.e., underestimation >50%, within ±50%, and overestimation >50%) by level of dietary restraint (high/low).
Results and Discussion
A total of 80 males, mean age of 30 years (SD = 8) with a range of 21 to 45 years, completed the study. The sample was ethnically diverse: 38% Hispanic, 38% Caucasian, 8% African American, and 16% Asian. Overall means (M ± SD) were calculated for weight (177 ± 27 lbs), BMI (25.9 ± 3.1 kg/m 2 ), and dietary restraint score (7 ± 4). Participants with high restraint had a mean (M ± SD) restraint score of 10 ± 3 (N = 48), whereas those with low restraint had a mean score of 3 ± 2 (N = 32).
As shown in Table 1 , participants significantly (p < .001) overestimated EE for exercise by a mean of 129 kcal (SEM = 44). Participants significantly (p < .001) underestimated EE for 1 hr of rest by 54 kcal (SEM = 10). Participants significantly underestimated EI at lunch on both the exercise and rest days by 434 kcal (SEM = 59) and 439 kcal (SEM = 54), respectively.
These results support the hypothesis that overall, participants would overestimate EE for moderate-intensity exercise. Although there is a paucity of literature regarding the accuracy with which individuals estimate the number of calories expended in various activities, these results are in agreement with previous findings that obese individuals overreport the amount of physical activity they engage in by an average of 51% (Lichtman et al., 1992). Why there was an overestimation of EE for exercise in the present study could be related to perceived effort. Because all participants were classified as physically inactive and 60% were overweight, perhaps the effort of walking at moderate intensity on a treadmill was considerable. This may have, in turn, inflated the perception of the number of calories expended. Results of other studies support this rationale (Ekkekakis & Lind, 2006; Pintar, Robertson, Kriska, Nagle, & Goss, 2006) . For example, one study (Ekkekakis & Lind, 2006) demonstrated that imposing a treadmill speed only 10% higher than self-selected speed resulted in a significant decline in the reported pleasure of exercise. The finding that participants underestimated EE for 1 hr of rest is also supported by the results of a previous study (Visona & George, 2002) in which overweight females underestimated the calories of resting EE by 40% to 60%.
The results of this study support the hypothesis that EI would be underestimated, and this is also consistent with previous reports (Lichtman et al., 1992; Livingstone & Black, 2003; Subar et al., 2003; Visona & George, 2002; Wansink & Chandon, 2006) . The underestimation of EI could be related to any number of cognitive or perceptual distortions. For example, it has been suggested that some individuals may harbor the misperception that EE from exercise can overcome any dietary indiscretions (King & Blundell, 1995) . Inaccurate calorie estimations may also relate to lack of knowledge, familiarity with foods, and/or the judged healthfulness of the foods in question (Carels et al., 2006) . For example, some researchers (Carels et al., 2006; Carels, Konrad, & Harper, 2007) reported that the overestimation of calories in foods perceived as "unhealthy" were completely offset by the underestimation of calories in foods perceived as "healthy," so that the overall discrepancy between actual and estimated calories was nearly zero. Therefore, if the participants in the present study self-selected food items that they considered to be "healthy," perhaps this could have influenced them to underestimate EI.
Estimated EE and EI were analyzed in reference to level of inaccuracy, or percentage-error, according to the following categories: (a) <50% underestimation, (b) within ±50% estimation, and (c) >50% overestimation. Because 20% is considered to be an acceptable degree of error (Center for Food Safety and Applied Nutrition, 1998) the cut-off points for underestimation and overestimation were selected at 50% to evaluate large errors, which have greater potential for ultimately influencing energy balance. When inaccuracy of estimating EE was evaluated in relation to dietary restraint (Table 2) , results indicated that 60% of high restraint participants estimated exercise EE within ±50% of actual values compared with only 31% of those with low restraint. Similarly, when inaccuracy of estimating EI was evaluated in this manner, 65% of participants with high restraint estimated EI on the rest day within ±50% of actual values compared with only 34% of those with low restraint. In addition, there was a significant correlation between higher restraint and less underestimation of EI on the rest day only, r = .371 (p = .001).
Therefore, contrary to the hypothesis, participants with high restraint were more accurate in estimating EE on the exercise day and in estimating EI on the rest day (i.e., less underestimation) compared with those with low restraint. This is in contrast to previous studies indicating that individuals with high restraint underestimate EI to a greater extent than those with low restraint (Jansen, 1996; Rennie et al., 2006) , or that dietary restraint does not influence accuracy of dietary reporting (Ard et al., 2006) . It may be that among males with high restraint, their conscious, and perhaps chronic, control over food intake influences their ability to accurately estimate the calorie content of a meal. This may carry over to their perception of EE, which was reflected in the participants' enhanced ability to estimate EE for walking. The significant relationships between restraint scores and estimation of EE and EI could not be explained by the weight status of the participants in this study, because there were no significant differences observed for inaccuracies in estimating EE or EI in relation to BMI, normal weight or overweight. Although there are several reports in the literature of the greater underreporting of dietary intake among obese persons compared with their lean counterparts (Lichtman et al., 1992; Livingstone & Black, 2003; Subar et al., 2003) , one of the few studies in the literature that evaluated accuracy of estimating calories in foods (Carels, Konrad, & Harper, 2007) reported findings that are in agreement with the results of the present study, that is, caloric accuracy did not differ as a function of weight status.
Interest in the relationship between accuracy of estimating EE and EI is related to the concept of energy balance. The overestimation of EE by 150 cal and the underestimation of EI by 450 cal results in a 600-cal discrepancy in favor of a positive energy balance. Although 1 day of inaccurate estimates of EE and EI may not have a significant impact on overall energy balance, misperceptions that are continuously maintained for other meals and activities may lead to a progressive shift that leads to weight gain or the inability to lose weight. Currently, the average American adult gains 1 to 2 lb per year, and it has been estimated that altering energy balance by only 100 cal per day, that is, making small changes to reduce EI and increase EE, could prevent this gradual weight gain (Hill, Thompson, & Wyatt, 2005) . For example, it has been reported (Bassett et al., 2008) that when calorie information is openly displayed and noticed by consumers at the point of purchase in fast-food restaurants, restaurant patrons purchase significantly fewer calories than those who do not notice the calorie information. Therefore, implementing policies that improve awareness and knowledge among consumers of calories consumed and expended may facilitate successful weight management.
There were some limitations to this study. First, the nature of the sample, which was primarily college students and staff who were relatively young and responded to an advertisement, limits the ability to generalize the findings. Second, the method that was used to calculate actual EE is not as accurate as the doubly labeled water or calorimetry methods. These methods were not available to the researchers. Third, prior knowledge of the caloric value of foods or energy expended in various physical activities was not evaluated. Fourth, the small numbers of some ethnic groups did not permit the evaluation of outcome variables by ethnicity. Finally, exercising and eating under controlled study conditions, and being offered a free meal in a food-court type environment with preportioned menu items may also have influenced the results.
Conclusions
This is the first study of its kind to evaluate the influence of dietary restraint on accuracy in estimating calories for moderate-intensity exercise and for postexercise energy intake. The results of this study contribute to the growing body of evidence demonstrating that estimated calories differ significantly from actual calories consumed or expended. Among physically inactive males, there was an inability to accurately estimate calories, with a significant underestimation of EI from a self-selected meal and a significant overestimation of EE for moderate-intensity exercise. Level of dietary restraint mediated this relationship. The inability to accurately estimate calories for EI and EE may influence the degree of success experienced by some males in managing their body weight. Nutrition and exercise professionals can be instrumental in helping their clients improve the accuracy with which they estimate EE and EI by providing education on how such inaccuracies can influence overall energy balance and by supporting policy changes that facilitate improved knowledge of EE and EI among consumers. Future research should address how education and improved knowledge of energy values might influence dietary and activity behavior in reference to personal characteristics such as dietary restraint, dieting history (which may influence prior knowledge), and the perceived healthfulness of foods; and how these factors may be influenced by ethnicity and culture.
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